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2. Title of Grant 
 
DOE OHER Project ER61968 
 
Use of ARM Data To Develop and Test Improved Cloud Parameterizations For Use in Climate 
Models 
 
3. Scientific Goals 
 
The scientific goals of this work are:  1) To develop and test using ARM data improved 
parameterizations of stratiform cloud systems, including those produced through convection.  
2) To employ single-column models (SCMs) and cloud system models (CSMs) in the analysis of 
ARM data for the purpose of evaluating parameterizations. 
 
4. Accomplishments 
 

• Development of a cumulus parameterization with improved cloud microphysics 
 

• Implementation and testing of our improved stratiform cloud parameterization  
 

• Implementation and testing of a new radiation parameterization developed by G. Stephens 
and colleagues 

 
• Use of ARM data with SCMs and CSMs, and publication of several papers on the results  

 
• Development of a new cloud-resolving model  

 
• Use of ARM data to study the effects of downdrafts on SGP cloud systems  

 
• Facilitation of GCSS use of ARM data  

 
• Contributions to ARM Vision 2000  

 



 

 

5. Progress and Accomplishments  
 
5.1 Work with the GCM 
 
We have developed a modified cumulus parameterization that is more fully consistent with the 
stratiform cloudiness parameterization.  This new parameterization allows us to include such 
things as precipitation loading in the computation of the buoyancy force.  In addition, it allows us 
to specify cloud-base conditions for the convective updrafts in a more physically based way.  A 
journal article on this work has been drafted and will be submitted soon.  We continue to test our 
new fractional cloudiness and mesoscale vertical velocity parameterization in the CSU GCM.  
This is a complex project with many sub-tasks.  Additional prognostic variables must be added to 
the GCM.  These must be advected in such a way that the cloud fraction remains between zero 
and one, and various conservation properties (e.g., conservation of total water and energy) are 
satisfied.  Our efforts are now reaching completion.  There have been no major changes in the 
direction of the project since its inception, because the original plan proved to be workable.  We 
believe that this is the most advanced stratiform cloud parameterization in the world. 
 
We are also testing a new radiation parameterization based on the work of G. Stephens and 
colleagues.  This new scheme is more accurate, more flexible, and faster than our current 
scheme.  By “more flexible,” we mean that the new scheme can deal with aerosols and with an 
arbitrary number of trace gases such as CFCs and NOX.  Preliminary tests show that the new 
scheme has a positive impact on the realism of our climate simulations.  The scheme is being 
used in GEWEX Cloud Systems Study (GCSS) projects and in the GCM itself.  The results so 
far are very encouraging and we plan to submit a journal article on this work before the end of 
2000. 
 
5.2 Analysis of ARM data through use of models 
 
We have performed numerous Single-Column Model (SCM) and Cloud System Model (CSM) 
simulations of various ARM Intensive Operational Periods (IOPs) conducted at the ARM 
Southern Great Plains (SGP) site.  We have also run two cases for the SHEBA ice camp, using 
ECMWF data to force the SCM.  We have also run TOGA COARE and GATE.  Several journal 
articles have been published on this work (Randall and Cripe 1999; Ghan et al. 2000; Xu and 
Randall 1999, 2000). 
 
5.3 A new cloud-resolving model 
 
A new three-dimensional cloud-resolving model has been developed by M. Khairoutdinov, and 
applied to the simulation of ARM data.  The results are being analyzed from the point of view of 
the second-moment equations—an approach which has never been applied to deep convection. 
 
5.4 Effects of downdrafts on SGP cloud systems 
 
Graduate student Daniel Lindsey is analyzing ARM data, including NEXTRAD data for the 
ARM SGP site, to study the effects of convective-scale downdrafts on cloud systems.  
 



 

 

5.5 Programmatic contributions  
 
We continue to build bridges between ARM and the international GEWEX Cloud Systems Study 
(GCSS).  At present, two different GCSS Working Groups are conducting case studies based on 
ARM data. 
 
5.6 ARM Vision 2000 
 
The P.I. took the lead in preparing a document on the current status and future of ARM, on 
behalf of the Cloud Parameterization and Modeling Working Group. 
 
6. Figures  
 
The attached figure shows a simulation of mid-tropospheric cloud water and cloud amount using 
our new stratiform cloud microphysics scheme. 
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9. Updated status of publications from previous report 
 
The following three publications were listed as “submitted” or “in press” in our 1999 RIMS 
report.  All three of them have now been accepted, and two of them have actually appeared in 
print. 
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parameterized physical processes.  J. Geophys. Res., 104, 12,177-12,191. 
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S. Klein, S. Krueger, U. Lohmann, J. Pedretti, A. Robock, L. Rotstayn, R. Somerville, 
G. Stenchikov, Y. Sud, G. Walker, S. Xie, J. Yio, and M. Zhang, 2000:  An intercomparison of 
single column model simulations of summertime midlatitude continental convection.  J. 
Geophys. Res., 105, 2091-2124. 
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Planned Work for the Coming Year 
 
For the proposed one-year renewal of this project, we will complete all work on the stratiform 
cloud parameterization, and submit one or more papers for publication based on this work.  We 
will also be thinking ahead to the next step in making the model more like nature. 
 
Personnel Changes 
 
In June 2000, Dr. Kuaman Xu left our project to take up a Civil Service position with NASA.  
Dr. Xu made a very strong contribution over a period of about 9 years, and will be sorely missed. 
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